Fuzzy cognitive mapping was used to understand the wants and desires of local people before resettlement. Variables that the affected people think will increase their welfare during and after dam construction were determined.
INTRODUCTION
Half of the 192 dam projects, which were financed by the World Bank before 1994, had no resettlement plan (WCD, 2000) . In 70 percent of the ones that had a plan there was only financial compensation. Of these 75 percent did not comply with the criteria set by the World Bank itself. The loss of productive capacity was compensated in none.
According to an assessment in all of these projects the social and environmental problems could be averted without affecting their financial viability (WCD, 2000) .
When resettlement programs for large-scale dam projects do exist, they usually focus on physical settlements rather than direct and indirect effects on social and economic development. However the socio-economic conditions to provide for the welfare of the locals is at least as or may be more important than physical settlement. Resettlement severs people's geographical, social and economic ties and functions. The land, the house, the livelihood, and the commons of the locals affected by the dam are endangered or lost. This reduces the socio-cultural resilience of the people. The endangerment of economic power and complex systems of livelihood prevents people from fulfilling their needs (WCD, 2000) .
Usually the amount of people affected by a dam has always been underestimated and the condemnation money payments have been low. In most projects only condemnation values or single-payment monetary compensations were given. All payments have usually been late and the amount has been insufficient. For example, in Turkey in a study commissioned by the World Commission on Dams about Aslantas Dam, the payments made for condemnation were not sufficient to buy the same amount of land. The same situation was valid in Tarbela dam in Pakistan and Kiambere Dam in Kenya, too (WCD, 2000) . Unfortunately people benefiting from dams are not the local people who are negatively impacted by the dam. Especially the most impacted local people are the ones who do not have much capital, are poor, and are marginalized. Local people are the ones who are asked last whether they want the dam or not. The importance of resettlement policies and their implementation is emphasized, as this is a major factor that determines whether local people will risk resistance or risk resettlement (Dwivedi, 1999) .
This study resulted from a more progressive approach that was taken by the Turkish State Hydraulic Works to ask the local people about their demands before dam construction. I hope that this approach will become the norm in such large state projects and will lead to policies that implement these demands at the end. A 540 MW dam is to be built on the Coruh River in northeastern Turkey. The dam is to be 270 m high and the reservoir area will be 33 km2. The reservoir will completely flood the village of Yusufeli and partially or totally flood 17 surrounding villages, and affect approximately 16,000 people. The average annual household income of these people is approximately 4500 USD.
Over half of them obtain their income from agriculture, which consists of intensive market-oriented garden agriculture on small plots. All of the agricultural land will be left underwater as it is located in the valleys (Sahara Muhendislik, 2001 ). This study deals with the actions needed so that the local people are not negatively impacted or driven to poverty after the dam construction. I used fuzzy cognitive mapping to determine the demands and desires of the local people who live in settlements that will be directly affected by the Yusufeli Dam.
WHAT IS FUZZY COGNITIVE MAPPING?
Fuzzy cognitive mapping (FCM) is a process where the participant(s) list the factors that they perceive as important to a particular issue and then draw the causal relationships among these factors. Instead of a dichotomous yes-no (affects or doesn't affect) the fuzzy aspect allows people to weight the causal relationships, which usually cannot be known precisely, but are described as occurring a little, somewhat, a lot, etc. Anyone can freely draw causal pictures, or cognitive maps, of problems or systems of any kind. FCM is applicable for analyzing complex problems that involve the interrelationships between various aspects of society such as economics, environment and politics (Nakamura et al., 1982) . FCM is especially appropriate in soft knowledge domains (e.g. political science, military science, history, international relations, organization theory) where both the system concepts/relationships and the meta-system language are fundamentally fuzzy (Kosko, 1986) . For example, FCMs have been used to model organization behavior and job satisfaction (Craiger et al., 1996) and to suggest ways to improve decision making in sport-fisheries management (Radomski and Goeman, 1996) .
A brief history of FCM
Cognitive mapping takes its roots from graph theory put forward by Euler in 1736. Harary et al. (1965) put this theory into use in quantitative anthropology to make a structural analysis of observations. The structural analyses were done on maps called "digraphs". Later the political scientist Robert Axelrod (1976) changed these graphs from the subjective interpretations of anthropologists to the observations of individuals. These graphs, which Axelrod called 'cognitive maps', were coded from text or were first-hand experiences verbally stated by informants. Kosko (1986) opened the way to a more rigorous analysis of cognitive maps through the use of neural network analysis. Maps can be simulated under different scenarios via signal processing which then becomes an auto-associative memory. He coined the term fuzzy cognitive maps (FCM) for these maps with weighted connections. Carley (1988) put forward some of the statistical techniques so that stakeholders and different groups of people could be compared and contrasted through their cognitive maps. Cognitive mapping has been used to examine decision making processes and complex social systems (Axelrod, 1976; Bauer, 1975; Bougon et al., 1977; Brown, 1992; Carley and Palmquist, 1992; Cossette and Audet, 1992; Hart 1977; Malone, 1975; Montazemi and Conrath, 1986; Nakamura et al., 1982) . These studies opened the way for using cognitive maps to represent local knowledge systems as told by informants (Özesmi, 1999) .
Comparison with other methods
In this study I use fuzzy cognitive mapping to approach the question of what people impacted from the dam want and need during and after dam construction. Fuzzy cognitive mapping can offer advantages over other social science research methods such as questionnaire surveys, unstructured interviews, or rapid assessment processes (RAP). A disadvantage of questionnaire surveys is that the researcher asks questions that they consider important and also typically give a choice of answers. In the FCM methodology the interviewee determines what is important and what should be included. Questionnaire surveys have the advantage that large numbers of people can be surveyed. In fact, questionnaire surveys (n = 2522) were employed as one research method in the Yusufeli Dam resettlement plan (Sahara Muhendislik, 2001) . However because of an anticipated low participation in written surveys, the surveys had to be completed in person, and thus took a considerable amount of time on the part of researchers. Although the FCM technique was done with less people than the questionnaire surveys in this study, it provided more insight into the desires and needs of the local people (Sahara Muhendislik, 2001 ). However, I am not advocating that only a FCM method should be used in dam resettlement projects. Detailed information needs to be obtained from the individuals that will be affected about their losses so that they can be adequately compensated, and a FCM method would not be used to obtain this information from all affected individuals. Rather the FCM becomes a way to obtain people's opinion about the socio-economic conditions that would be most helpful for increasing their welfare during and after resettlement.
Open-ended interviews could be used to obtain this information, but the researchers must extract the important concepts and relationships from the interview transcripts, which is time-consuming and may lead to biases and misjudgments. In the FCM technique the important concepts and relationships are drawn on the map by the interviewees, thus removing potential researcher bias as well as reducing the amount of time spent on analysis after the interviews.
FCMs can be quickly coded from the drawn maps. In addition results from open-ended interviews are highly qualitative and do not permit statistical analysis. With FCM, maps of different stakeholder groups can be compared and the results, while qualitative, do yield relative information as to what is most important or what things have the most effect on a system. FCM is similar to RAP in that it is a systems approach. In the case of FCM, the interviewees themselves determine the things affecting the system and how they relate to each other. It can also be an iterative process, as maps can be obtained from any number of interviewees and these maps can be superimposed to form a social cognitive map or the maps can be superimposed according to stakeholder group to compare differences and similarities among groups of people. Thus the FCM method also has advantages for enabling stakeholder participation and analyzing stakeholder group maps for participatory methods (Ö andÖzesmi, 2001 ) and also in cases of conflict among stakeholder groups (Özesmi, 1999) . Certainly FCM could be incorporated as one of the suitable techniques for use in RAP because FCM is especially appropriate for information gathering where the researcher wants to obtain from the local people what they think is important. In FCM, the question can be and usually is very general, such as, "what are the important factors/variables affecting the system and how do these factors affect each other?"
METHODS
A standardized cognitive mapping methodology was used in this research to bring to light the wants and desires of the population impacted from the dam. The analysis of data has been done through graph theory and fuzzy cognitive mapping, a form of signal processing analysis using neural network simulations (Özesmi, 1999) .
Field Research
Interviews were made in settlements within the four geographic areas that will be flooded by the dam lake. The elected village heads and their spouses were called by telephone one or two days ahead of the interview. An appointment was made to meet with the village head and their spouses for 1 to 1.5 hours to make a graphical exercise about the dam to be built (permission for an appointment was not refused by informants except for an NGO at the Yusufeli township). A total of 13 cognitive maps were drawn with village headmen and their spouses, and an NGO head and his spouse. The total number of people who participated in this research was 26 people. The exercise was done with married couples, so that participation of both genders could be secured. Women in general made different contributions to maps at about 30 per cent, and have assured us that they agree with the contributions of their husbands. Men have likewise agreed on the contributions of women. Thus I believe I have represented the concerns of the women sufficiently in these maps.
Before starting the cognitive mapping exercise I explained the state of the building of the dam and why this research was being made. Then I explained what kind of graph we were going to draw using a completely unrelated map that summarized the occurrence of traffic accidents. On the corner of a large piece of paper (50X30 cm) the location, date, time and duration, and the names of the participants, their gender, age and occupation were noted (Figure 1 ). Then the two questions relating to the listing of variables and the drawing of the graph were asked and written on top of the paper. These questions were: "What are the variables, factors, causes and things that are going to increase or decrease the welfare of the people after the dam construction during resettlement?" and "How do these variables, factors, causes and things affect each other?" As the interviewees stated these variables, they were listed on the left of the paper. We drew the variable 'peoples' welfare" in the middle with the rest of the variables drawn around it. Then we drew the causal relationships among the variables. The causal relationships were given by the participants as either positive (+) or negative (-) and were weighted by them as strong (1), medium (0.5) or weak (0.25) (Figure 1 ).
Data Analysis
Variables were listed and pooled cumulative variable richness plots were drawn to find out whether variable (sampling) saturation was reached or not. For this purpose Monte-Carlo simulations were done using random numbers from Minitab 10.5 statistical package to determine the confidence interval of observed saturation.
The cognitive maps drawn by informants were coded as neighborhood matrices. Indices characterizing the structure and type of variables were calculated by cell programming. A macro program written in the spreadsheet was used to make neural network simulations. Neural network simulation is done using matrix algebra. The state vector of variables is multiplied with the neighborhood matrix and then the results are squashed into the interval of [1, 0] by a logistic function. The result is the new vector-state. The multiplication is continued until the system stabilizes into one variable, falls into an oscillation or goes into chaos. All the simulations ended in a stable state. Policies can be simulated by clamping the vector-state of a variable to a desired value while doing the multiplication process.
The social cognitive map is obtained by matrix augmentation in which each participant map is given an equal weight.
Details with regards to the above mentioned methodology can be found inÖzesmi (1999) or at this website address:
http://env.erciyes.edu.tr/Kizilirmak/UODissertation.html.
RESULTS

Saturation of Collected Data
Cognitive mapping exercises in the area to be affected by the dam took an average of 56 ± 15 SD minutes (min 35, max 95 min.). The increase in new variables considerably declined at the end of 13 cognitive maps and additional new variables decreased to 3 per new map (Figure 2 ). Since these new additions were very much personal and special issues to the people interviewed I believe the results indicate the wants and desires of the majority of the people in the region affected by the dam.
The Structure and Characteristic of Cognitive Maps Obtained
Individual cognitive maps
The results obtained with the maps from the settlements affected by the dam are comparable to previous studies in Turkey (Table 1) (Table 2 ).
Social cognitive maps
In this study the number of variables and connections were again comparable to previous studies similar to the individ- (Table 1) .
Variables Mentioned and Their Importance
There are three different ways of at looking at different variables mentioned in a cognitive map. Variables can be ordered first by how many times they were mentioned in each map, second by their centrality (including the components of how much input they receive, indergree, and how much output they give, outdegree), and third by the type of these central variables (transmitter, ordinary, receiver). The variable type reveals how people think about the variables.
The importance of variables to people who are going to be affected by the dam can be represented by how many times they have been mentioned in cognitive maps (Table 3) . School was mentioned in all 13 cognitive maps. Construction of roads, job opportunities, and advance payment of condemnation value were all mentioned in 12 out of 13 maps. Ordering variables by the number of times they have been mentioned gives an order of importance in the eyes of the people who are going to be affected by the dam. They indicate what they would like to see happen after or while the dam is constructed.
More important than the repetition of variables is to find out how these variables are in relation to others. Centrality and other indices can be used to evaluate the structure of the cognitive map. The centrality of a variable shows how connected it is to other variables and the cumulative strength of these variables. The centrality is composed of the indegree and of the outdegree. If the indegree is zero and there is a non-zero outdegree the variable is called a transmitter, if in the opposite it has a non-zero indegree and a zero outdegree then it is a receiver variable. If the variable has both a non-zero indegree and outdegree than it is called an ordinary variable. Of course ordinary variables based on the ratio of their indegrees and outdegrees can be more or less receiver or transmitter variable.
The centrality of the variable is therefore not only a frequency of expression but also how important that given variable is given the whole structure of the cognitive map. The type of variables, their in and outdegrees and their centrality for the social cognitive map of the people affected by the dam, are given in Table 4 . Variables that have a centrality of 0.5 and lower are not included in Table 4 for brevity. After people's welfare, the most central variables were job opportunities, construction of roads, schools, government support, and industrial facilities, all with a centrality ¿ 2.0.
Cognitive Map Simulations
The real advantage of cognitive mapping is to be able to evaluate different policies and judge their outcome to the people's welfare based entirely on the people's cognitive map without any interference and judgement imposed by authorities or scientists. The policies, the outcome variables, and the causal relationship between variables are entirely that of the informants. What remains afterwards is the implementation of the wants and desires of the people after dam construction. The most important variable, which needs to be increased after and during dam construction, is the welfare of the people. The effect of the most mentioned or central single policies and the synergetic effects of these different policies were simulated to maximize the welfare of people.
A relative increase over the steady state of variables when no policies are implemented is used to compare different policies mentioned by informants (Figure 3 and 4) . These graphs are the result of simulations as described in the data analysis section. The variables (policies implemented) in the graphs are ordered from the most effective to the least.
The synergistic effects of variables that are most central are simulated in pairs and in triples to demonstrate that the implementation of different policies do not only add cumulatively to the welfare of the people but have an increased effect ( Figure 5 and 6 ).
As all policies are implemented a saturation of effect will be observed (Figure 7) . The most central variables will add a considerable amount to the welfare. As other policies are added the total effect of policies to welfare will slow down, but is nevertheless important. It is not a surprise given Figure 3 , 5 and 6 that the most central variables will add more to the welfare of people and are important to address, since these are variables that people most concur on.
These simulations help to pinpoint the most important issues to be addressed by government agencies after and during dam construction.
DISCUSSION AND CONCLUSION
Looking at the mentioned variables, education is the most mentioned variable that provides for economic independence and welfare (Table 3 ). All the interviewees had education in their maps. The reconstruction of schools, which are left underwater, will help local economy and the construction of new schools is going to increase the wealth of the area.
Informants think that students coming from other places in the country, such as the ones in state boarding schools, liven up local economies and create an education economy. Schools are also the third most central variable (Table 4, excluding people's welfare, which we are trying to maximize) and one of the most important contributors to welfare (Figure 3 and 7) .
The second most mentioned variable, construction of roads (Table 3) , was a very prominent concern that came up in every discussion. Construction of roads was also the second most central variable (Table 4) and had a stronger outdegree making it closer to a transmitter variable, hence a forcing function. It was also the second most important variable contributing to the people's welfare (Figure 3 and 7) . It is one of the variables with highest synergistic effect on welfare (Figure 5 and 6) . The village headmen demand that the roads be constructed in parallel to the dam construction and be finished contemporaneously with the dam.
The people of Yusufeli are very afraid that they are going to loose their jobs and want to secure a future for their children, therefore job opportunities is also a frequently mentioned variable (Table 3) and it is the most central variable.
According to informants a lot of other variables depend on having a job. In addition, if other variables are addressed then more jobs will be created, because the indegree of job opportunities is higher than its outdegree (Table 4) . Job opportunities will not only have a significant impact on welfare but it is also one of the few variables that do influence the income of the people directly (Figure 3 and 4) . Other variables that impact the income of the people in order of contribution are advance payment of condemnation values, revenues from the dam, a lively city center and government support (Figure 4) . The advance payment of condemnation values was another issue that everybody raised during the investigator's visit to the area. It is not only considered to have the largest contribution to income but also to the welfare of the people. The payment for loss due to condemnation must be just and timely, preferably more than the actual worth of the land. Implementing such a policy will help people impacted by the dam to generate more income and increase their welfare.
The construction of the roads, job opportunities and the advance payment of the condemnation value are issues that every dam project has to take seriously into account. These three issues have also come up in almost all the cognitive maps as some of the most important variables to affect the welfare of the people. The inhabitants do not think that these issues are going to be resolved easily. Infrastructure and government support to recreate the previously existing facilities is again among the most mentioned and most central values (Table 3 and 4), they also contribute directly (Table 5 and 9) and have synergistic effects in increasing the welfare of people with other variables (Table 7 and 8). In countries such as China, Thailand, and Malaysia the roads, electricity, water and school facilities lost to the dam was never replaced, or it was constructed so late that people dispersed slowly leaving no trace behind (WCD, 2000) .
In China the government reports on dams mention "the seven difficulties" of resettlement projects. These are electricity, drinking water, schools, food security, health services, telecommunication and transportation (WCD, 2000) .
The people of Yusufeli have seen all these difficulties without any knowledge of previous dams and have put them into their cognitive maps frequently and with high centralities (Tables 3 and 4 ). These variables have important consequences for their welfare (Figures 3-7) .
Again according to the cognitive maps, informants state that the people of Yusufeli want to be able to work in the dam during construction but also afterwards as maintenance and running staff.
Even if all these policies are implemented the misfortune of the people who lost their livelihood, their property and memories under water cannot prevented. There are two important variables mentioned in the maps that have been addressed in the world and can be addressed in the case of Yusufeli. The first is revenues from the dam, which is also the second most important variable to generate income according to simulations (Figure 4) . The second is inexpensive or free electricity. There are many existing examples from the world and there is no reason why these could not be implemented in the Yusufeli dam resettlement project.
In Norway there is an example where either a special price for electricity or free electricity is given to displaced people. There are revenue sharing programs in Urra 1 Dam in Colombia and in the cross-boundary Itaipu project in both Brazil and Paraguay. There is also revenue sharing in Minastuck project as well as Hydro-Quebec projects in Canada (WCD, 2000) . In the world energy sector it is common practice that a certain percentage of proceeds is given back to the local communities or municipalities.
The main goal of any resettlement project must be to increase of the welfare of the people who are going to be undoubtedly negatively impacted by the dam after and during its construction. A dam, being decided somewhere in the state apparatus, is an imposition on the local people. Therefore, at least to decide how to help the same people, it is wiser to ask them first, rather than deciding top down on what the best way to increase their welfare is. Through cognitive mapping one can best approach the wants and desires of the people through their own way of thinking in a bottom-up way. 
